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DETAILED ACTION 
Priority 

1 . Applicant is advised of possible benefits under 35 U.S.C. 1 1 9(a)-(d), wherein an 
application for patent filed in the United States may be entitled to the benefit of the filing 
date of a prior application filed in a foreign country. 

Claim Rejections - 3i5 USC § 103 

2. The following is a quotation of 35 U.S.C. 1 03(a) which. forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set 
forth in section 1 02 of this title, if the differences between the subject matter sought to be patented and 
the prior art are such that the subject matter as a whole would have been obvious at the time the 
invention was made to a person having ordinary skill in the art to which said subject matter pertains. 
Patentability shall not be negatived by the manner in which the invention was made. 

3. This application currently names joint inventors. In considering patentability of 
the claims under 35 U.S.C. 103(a), the examiner presumes that the subject matter of 
the various claims was commonly owned at the time any inventions covered therein 
were made absent any evidence to the contrary. Applicant is advised of the obligation 
under 37 CFR 1 .56 to point out the inventor and invention dates of each claim that was 
not commonly owned at the time a later invention was made in order for the examiner to 
consider the applicability of 35 U.S.C. 103(c) and potential 35 U.S.C. 102(e), (f) or (g) 
prior art under 35 U.S.C. 103(a). 
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4. Claims 1 , 3, and 4 are rejected under 35 U.S.C. 103(a) as being unpatentable 
over Grill et al. (U.S. Patent No. 6,140,226) in view of Bosner et a! (U.S. Patent No. 
6,764,949). 

5. As to claim 1 , Grill discloses method of etching a substrate, comprising: 
depositing a mask layer (78) on the substrate (8/10/12) (column 9, lines 24-28; Figure 
7A); defining a first pattern in the mask layer (78) (column 9, lines 33-35; Figure 7C); 
depositing a layer of photoresist (82) on the mask layer (78) (column 9, lines 40-43; 
Figures 7B-7C); patterning the photoresist (82) (column 9, lines 40-43; Figure 7D); 
transferring the pattern in the photoresist (82) through the mask layer (78) to form a 
second pattern in the mask layer (78) (column 9, lines 45-50; Figure 7E); and 
transferring the first and second patterns in the mask layer through the substrate 
(8/10/12) (column 9, lines 58-67; column 10, line 1; Figures 7G-7I), 

6. Grill does not expressly disclose that mask layer (78) is amorphous cari^on. 
However, in a separate embodiment. Grill discloses that one suitable hard mask 
material is a carbon-based dielectric (column 8, lines 30-35). Moreover, Bonser 
teaches that the use amorphous carison hardmasks are beneficial because they are 
easily patterned, have a high selectivity relative to other hardmask materials such as 
silicon oxide, silicon nitride, and silicon oxynitride (column 1, lines 19-25). Therefore, it 
would have been obvious to one of ordinary skill in the art at the time the invention was 
made to form the mask layer with amorphous carbon. One who is skilled in the art 
would be motivated to use a material that is easily patterned and has a high selectivity 
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relative to other hardmask materials such as silicon oxide, silicon nitride, and silicon 
oxynitride. 

7. As to claim 3, Grill discloses that the substrate (8/10/12) comprises a material 
selected from the group consisting of silicon, polysilicon, an oxide, a nitride, tungsten, 
tungsten silicide, aluminum, silicon oxycarbide, and combinations thereof (column 4. 
lines 5-10). 

8. As to claim 4, Grill discloses depositing a layer (76) selected from the group 
consisting of amorphous silicon, silicon nitride (column 9, lines 29-30), silicon oxynitride, 
silicon oxide, doped silicon oxide, silicon oxycarbide, carbides, silicon carbide, titanium, 
and titanium nitride on the substrate before the depositing the amorphous carbon layer. 
Although Grill does not expressly disclose layer (76) as an anti-reflective coating, silicon 
nitride inherently behaves as an anti-reflective coating. See Wolf, Silicon Processing for 
tlie VLSI Era, Vol. 4, Lattice Press (2002), page 249. 

Claim Rejections - 35 USC § 103 

9. Claims 2, 5, and 6 are rejected under 35 U.S.C. 1 03(a) as being unpatentable 
over Grill, in view of Bosner, in further view Latchford et al. (U.S. Patent Appl. Pub. No. 
2002/0001778). 

10. As to claim 2, Grill does not expressly disclose that the amorphous carbon layer 
is deposited by vapor deposition from a gas mixture comprising one or more 
hydrocarbons having the general formula CxHy, wherein x has a range of 2 to 4 and y 
has a range to 2 to 10. However, Latchford discloses a method of forming an 
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amorphous carbon layer for hardmasks (paragraphs 0014-0016), including depositing 
by vapor deposition from a gas mixture comprising one or more hydrocarbons having 
the general formula CxHy, wherein x has a range of 2 to 4 and y has a range to 2 to 1 0 
(paragraph 0039). Therefore, it would have been obvious to one of ordinary skill in the 
art at the time the invention was made to deposit, by vapor deposition from a gas 
mixture comprising one or more hydrocarbons having the general formula CxHy, wherein 
X has a range of 2 to 4 and y has a range to 2 to 1 0. One who is skilled in the art would 
be motivated to use a method that has been successfully established in forming 
amorphous carbon hardmasks, 

11. As to claim 5, Grill does not expressly disclose that the amorphous carbon layer 
is deposited at a power of between about 1 W/in^ and about 100 W/in^ However, 
Latchford discloses a method of forming an amorphous carbon layer for hardmasks 
(paragraphs 0014-0016), including depositing at a power of between about 1 W/in^ and 
about 100 W/in^. Therefore, it would have been obvious to one of ordinary skill in the 
art at the time the Invention was made to deposit at a power of between about 1 W/in^ 
and about 100 W/in^ One who is skilled in the art would be motivated to use a method 
that has t>een successfully established in forming amorphous carbon hardmasks. 

12. As to claim 6, Grill does not expressly disclose removing the amorphous carbon 
layer from the substrate after the first and second patterns in the amorphous carbon 
layer are transferred through the substrate. However, Latchford discloses removal of 
the removing the amorphous carbon layer from the substrate (paragraphs 0052, 0081 ). 
Latchford teaches that removal of the amorphous carbon layer may be necessary prior 
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the forming of overlying layers when continuing the manufacturing process (paragraph 
0081). Therefore, it would have been obvious to one of ordinary skill in the art at the 
time the invention was made to remove the amorphous carbon layer from the substrate 
after the first and second patterns in the amorphous carbon layer are transferred 
through the substrate. One who is skilled in the art would be motivated to remove any 
undesirable material layers after processing has been completed. 

Claim Rejections - 35 USC § 103 

13. Claims 7, 9-10, 12-13, 15-18, 20, and 21 are rejected under 35 U.S.C. 103(a) as 
being unpatentable over Grill, in view of Bosner, in further view of Wolf, Silicon 
Processing for the VLSI Era, Vol. 4, Lattice Press (2002). 

14. As to claim 7, Grill discloses method of etching a substrate, comprising: 
depositing a mask layer (78) on the substrate (8/10/12) (column 9, lines 24-28; Figure 
7A); defining a first pattern in the mask layer (78) (column 9, lines 33-35; Figure 7C); 
depositing a layer of photoresist (82) on the mask layer (78) (column 9, lines 40-43; 
Figures 7B-7C); patterning the photoresist (82) (column 9, lines 40-43; Figure 7D); 
transferring the pattern in the photoresist (82) through the mask layer (78) to forni a 
second pattern in the mask layer (78) (column 9, lines 45-50; Figure 7E); and 
transferring the first and second patterns in the mask layer through the substrate 
(8/10/12) (column 9, lines 58-67; column 10, line 1; Figures 7G-7I). 

1 5. Grill does not expressly disclose that mask layer (78) is amorphous carbon. 
However, in a separate embodiment. Grill discloses that one suitable hard mask 
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material is a carbon-based dielectric (column 8, lines 30-35). Moreover, Bonser 
teaches that the use amorphous carbon hardmasks are beneficial because they are 
easily patterned, have a high selectivity relative to other hardmask materials such as 
silicon oxide, silicon nitride, and silicon oxynitride (column 1, lines 19-25). Therefore, it 
would have been obvious to one of ordinary skill in the art at the time the invention was 
made to form the mask layer with amorphous carbon. One who is skilled in the art 
would be motivated to use a material that is easily patterned and has a high selectivity 
relative to other hardmask materials such as silicon oxide, silicon nitride, and silicon 
oxynitride. 

16. Grill does not expressly disclose depositing a non-carbon based layer on the 
amorphous carbon layer. However, photoresist (80) is formed over mask (76) (column 
9, lines 31-33; Figure 7B). Wolf teaches that anti-reflective coatings are often deposited 
between the substrate and photoresist to minimize standing waves and reflective 
notching from substrate reflections, and as a result, maintaining control over critical 
dimensions (pages 244-45). Moreover, Wolf teaches that inorganic materials may also 
be used as anti-reflective coatings, which can be deposited to conformally coat 
underlying topography (page 249-250). Therefore, it would have been obvious to one of 
ordinary skill in the art at the time the invention was made to deposit a non-carbon 
based layer on the amorphous carbon layer. Moreover, it would have been obvious to 
one of ordinary skill in the art to modify GriU's process to account for an additional non- 
carbon based layer, including defining a pattern in the non-carbon based layer; and 
transfer the pattern in the photoresist through the non-carbon based layer. One who is 
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skilled in the art would be motivated to form a conformal anti-reflective coating to 
maintain control over critical dimensions. 

1 7. As to claim 9, Grill discloses that the substrate (8/1 0/12) comprises a material 
selected from the group consisting of silicon, polysilicon, an oxide, a nitride, tungsten, 
tungsten sillcide, aluminum, silicon oxycarbide. and combinations thereof (column 4, 
lines 5-10). 

1 8. As to claim 1 0, Grill discloses depositing a layer (76) selected from the group 
consisting of amorphous silicon, silicon nitride (column 9, lines 29-30), silicon oxynitride, 
silicon oxide, doped silicon oxide, silicon oxycarbide, carbides, silicon carbide, titanium, 
and titanium nitride on the substrate before the depositing the amorphous carbon layer. 
Although Grill does not expressly disclose layer (76) as an anti-reflective coating, silicon 
nitride inherently behaves as an anti-reflective coating. See Wolf, Silicon Processing for 
the VLSI Era, Vol. 4, Lattice Press (2002), page 249. 

1 9. As to claim 1 2, Wolf discloses that the non-carbon based layer is selected from 
the group consisting of amorphous silicon, silicon nitride (page 249), silicon oxynitride 
(page 249), silicon oxide, doped silicon oxide, silicon oxycarbide, carbides, silicon 
cariside, titanium, and titanium nitride (page 250). 

20. As to claim 1 3, Wolf discloses that the non-carbon based layer has a thickness of 
between about 50 A and about 500 A (page 249). 

21 . As to claim 15, Grill discloses method of etching a substrate, comprising: 
depositing a mask layer (78) on the substrate (8/10/12) (column 9, lines 24-28; Figure 
7A); defining a first pattern in the mask layer (78) (column 9, lines 33-35; Figure 7C); 
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depositing a layer of photoresist (82) on the mask layer (78) (column 9, lines 40-43; 
Figures 7B-7C); patterning the photoresist (82) (column 9, lines 40-43; Figure 7D); 
transferring the pattern in the photoresist (82) through the mask layer (78) to form a 
second pattern in the mask layer (78) (column 9, lines 45-50; Figure 7E); and 
transferring the first and second patterns in the mask layer through the substrate 
(8/10/12) (column 9. lines 58-67; column 10, line 1; Figures 7G-7I). 

22. Grill does not expressly disclose that mask layer (78) is amorphous carbon. 
However, in a separate embodiment. Grill discloses that one suitable hard mask 
material is a carbon-based dielectric (column 8, lines 30-35). Moreover, Bonser 
teaches that the use amorphous carbon hardmasks are beneficial because they are 
easily patterned, have a high selectivity relative to other hardmask materials such as 
silicon oxide, silicon nitride, and silicon oxynitride (column 1, lines 19-25). Therefore, it 
would have been obvious to one of ordinary skill in the art at the time the invention was 
made to form the mask layer with amorphous carbon. One who is skilled in the art 
would be motivated to use a material that is easily patterned and has a high selectivity 
relative to other hardmask materials such as silicon oxide, silicon nitride, and silicon 
oxynitride. 

23, Grilj does not expressly disclose depositing a non-carbon based layer on the 
amorphous carbon layer. However, photoresist (80) is formed over mask (76) (column 
9, lines 31-33; Figure 78). Wolf teaches that anti-reflective coatings are often deposited 
between the substrate and photoresist to minimize standing waves and reflective 
notching from substrate reflections, and as a result, maintaining control over critical 
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dimensions (pages 244-45). Moreover, Wolf teaches that inorganic materials may also 
be used as anti-reflective coatings, which can be deposited to conformally coat 
underlying topography (page 249-250). Therefore, it would have been obvious to one of 
ordinary skill in the art at the time the invention was made to deposit a non-carbon 
based layer on the amorphous carbon layer. Moreover, it would have been obvious to 
one of ordinary skill in the art to modify Grill's process to account for an additional non- 
carbon based layer, including defining a pattern in the non-carbon based layer; and 
transfer the pattern in the photoresist through the non-carbon based layer. One who is 
skilled in the art would be motivated to form a conformal anti-reflective coating to 
maintain control over critical dimensions. 

24. Grill does not expressly disclose depositing a second non-carbon based layer on 
the amorphous carbon layer; depositing a layer of photoresist on the second non- 
carbon based layer; and transferring the pattern in the photoresist through the second 
non-carbon based layer. However, Grill discloses that substrate (8/10/12) may be 
formed of silicon oxynitride (SiON) (column 4, lines 5-10). Wolf also teaches that SiON 
is a common anti-reflective material (page 249) and that SiON interactions with the 
photoresist could produce adverse reactions (page 250). To prevent such reactions, a 
thin oxide barrier is formed before depositing the photoresist (page 250). Therefore, it 
would have been obvious to one of ordinary skill in the art at the time the invention to 
depositing a second non-carbon based layer on the amorphous carbon layer. 
Moreover, one who is skilled in the art would be motivated to modify Grill's process to 
account for a second non-carbon based layer, including depositing a layer of photoresist 
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on the second non-carbon based layer; and transferring the pattern in the photoresist 
through the second non-carbon based layer. One who is skilled in the art would be 
motivated to prevent adverse reactions between the silicon oxynitride and photoresist 
by forming an inert oxide barrier between the two materials. 

25. As to claim 1 6, Wolf discloses that the non-carbon based layer is selected from 
the group consisting of amorphous silicon, silicon nitride (page 249), silicon oxynitride 
(page 249), silicon oxide, doped silicon oxide, silicon oxycarbide, carbides, silicon 
carbide, titanium, and titanium nitride (page 250). 

26. As to claim 1 7, Wolf discloses that the non-carbon based layer has a thickness of 
between about 50 A and about 500 A (page 249). 

27. As to claim 1 8, Wolf discloses that the second non-carbon based layer is 
selected from the group consisting of amorphous silicon, silicon nitride, silicon 
oxynitride, silicon oxide (page 250), doped silicon oxide, silicon oxycarbide, carbides, 
silicon carbide, titanium, and titanium nitride. 

28. As to claim 20, Grill discloses that the substrate (8/1 0/12) comprises a material 
selected from the group consisting of silicon, polysilicon, an oxide, a nitride, tungsten, 
tungsten silicide, aluminum, silicon oxycarbide, and combinations thereof (column 4, 
lines 5-10). 

29. As to claim 21 , Grill discloses depositing a layer (76) selected from the group 
consisting of amorphous silicon, silicon nitride (column 9, lines 29-30), silicon oxynitride, 
silicon oxide, doped silicon oxide, silicon oxycarbide, carbides, silicon carbide, titanium, 
and titanium nitride on the substrate before the depositing the amorphous carbon layer. 
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Although Grill does not expressly disclose layer (76) as an anti-reflective coating, silicon 
nitride inherently behaves as an anti-reflective coating. See Wolf, Silicon Processing for 
the VLSI Era, Vol. 4. Lattice Press (2002), page 249. 



Claim Rejections - 35 USC § 103 

30. Claims 8, 1 1 , 14, 1 9, 22, and 23 are rejected under 35 U.S.C. 1 03(a) as being 
unpatentable over-Grill, in view of Bosner, in view of Wolf, in further view Latchford. 

31 . As to claims 8 and 19, Grill does not expressly disclose that the amorphous 
carbon layer is deposited by vapor deposition from a gas mixture comprising one or 
more hydrocarbons having the general formula CxHy, wherein x has a range of 2 to 4 
and y has a range to 2 to 10. However, Latchford discloses a method of forming an 
amorphous carbon layer for hardmasks (paragraphs 0014-0016), including depositing 
by vapor deposition from a gas mixture comprising one or more hydrocarbons having 
the general formula CxHy, wherein x has a range of 2 to 4 and y has a range to 2 to 10 
(paragraph 0039). Therefore, it would have been obvious to one of ordinary skill in the 
art at the time the invention was made to deposit, by vapor deposition from a gas 
mixture comprising one or more hydrocarbons having the general formula CxHy, wherein 
X has a range of 2 to 4 and y has a range to 2 to 1 0. One who is skilled in the art would 
be motivated to use a method that has been successfully established in forming 
amorphous carbon hardmasks. 

32. As to claim 1 1 and 22, Grill does not expressly disclose that the amorphous 
carbon layer is deposited at a power of between about 1 W/in^ and about 100 W/in^. 
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However, Latchford discloses a method of forming an amorphous carbon layer for 
hardmasks (paragraphs 0014-0016), including depositing at a power of between about 
1 W/in^ and about 1 00 W/in^. Therefore, it would have been obvious to one of ordinary 
skill in the art at the time the invention was made to deposit at a power of between 
about 1 W/in^ and about 100 W/in^. One who is skilled in the art would be motivated to 
use a method that has been successfully established in forming amorphous carbon 
hardmasks. 

33. As to claim 14, Grill does not expressly disclose removing the amorphous carbon 
layer and the non-carbon based layer from the substrate after the first and second 
patterns in the amorphous carbon layer are transferred through the substrate. 
However, Latchford discloses removal of the removing the amorphous carbon layer 
from the substrate (paragraphs 0052, 0081 ). Latchford teaches that removal of the 
amorphous carbon layer may be necessary prior the forming of overlying layers when 
continuing the manufacturing process (paragraph 0081). Therefore, it would have been 
obvious to one of ordinary skill in the art at the time the invention was made to remove 
the amorphous carbon layer from the substrate after the first and second patterns in the 
amorphous carbon layer are transferred through the substrate. One who is skilled in the 
art would be motivated to remove any undesirable material layers after processing has 
been'completed. 

34. Wolf further teaches that the use of low-k dielectrics can significantly improve 
circuit performance characteristics (page 639). Moreover, Wolf teaches that any 
dielectric layers with a higher k value increases the overall k-value of the dielectric stack 
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(pages 679-680). Therefore, it would have been obvious to one of ordinary skill in the 
art at the time the invention was made to the non-carbon based layer from the substrate 
after the first and second patterns in the amorphous carbon layer are transferred 
through the substrate. One who is skilled in the art would be motivated to reduce the 
overall k-value of the dielectric stack to improve circuit performance characteristics. 

35. As to claim 23, Grill does not expressly disclose removing the amorphous carbon 
layer and the second non-carbon based layer from the substrate after the first and 
second patterns in the amorphous carbon layer are transferred through the substrate. 
However, Latchford discloses removal of the removing the amorphous carbon layer 
from the substrate (paragraphs 0052, 0081 ). Latchford teaches that removal of the 
amorphous carbon layer may be necessary prior the forming of overlying layers when 
continuing the manufacturing process (paragraph 0081 ). Therefore, it would have been 
obvious to one of ordinary skill in the art at the time the invention was made to remove 
the amorphous carbon layer from the substrate after the first and second patterns in the 
amorphous carbon layer are transferred through the substrate. One who is skilled in the 
art would be motivated to remove any undesirable material layers after processing has 
been completed. 

36. Wolf further teaches that the use of low-k dielectrics can significantly improve 
circuit performance characteristics (page 639). Moreover, Wolf teaches that any 
dielectric layers with a higher k value increases the overall k-value of the dielectric stack 
(pages 679-680). Therefore, it would have been obvious to one of ordinary skill in the 
art at the time the invention was made to the second non-carbon based layer from the 
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substrate after the first and second patterns in the amorphous carbon layer are 
transferred through the substrate. One who is skilled in the art would be motivated to 
reduce the overall k-value of the dielectric stack to improve circuit performance 
characteristics. 



Conclusion 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Eric B. Chen whose telephone number is (571) 272- 
2947. The examiner can normally be reached on Monday through Friday, SAM to 
4:30PM. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Nadine G. Norton can be reached on (571) 272-1465. The fax phone 
number for the organization where this application or proceeding is assigned is 571 - 
273-8300. 

Information regarding the status of an application may be obtained from the 
Patent Application Information Retrieval (PAIR) system. Status information for 
published applications may be obtained from either Private PAIR or Public PAIR. 
Status information for unpublished applications is available through Private PAIR only. 
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should 
you have questions on access to the Private PAIR system, contact the Electronic 
Business Center (EBC) at 866-217-9197 (toll-free). 
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